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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 



Length- 

Time 

Force. _ 



Svmbol 



JNIetric 



Unit 



meter 

second 

weight of one kilogram- 



Symbol 



m 

sec 
kg 



English 



Unit 



foot (or mile) 

second (or hour) 

weight of one pound 

horsepower 

mi./hr 

ft./sec 



Symbol 



ft. (or mi.) 
sec. (or hr.) 
lb. 



Power- 
Speed- 



kg/m/sec_ 
fkm/hr __. 
Im/sec 



HP. 

M. P. H. 
f. p. s. 



2. GENERAL SYMBOLS, ETC 



W, Weight, =m^ 
g, Standard acceleration of gravit j = 9.80665 
m/sec.2=-32.1740 ft./sec.^ 

p, Density (mass per unit volume). G, 

Standard density of dry air, 0.12497 (kg-m""^ h, 

sec.2) at 15° C and 760 mm = 0.00237S (lb.- c, 

ft.-^sec.2). 

Specific weight of '^standard'' air, 1.2255 /, 

kg/m^ = 0.07651 Ib./ft.^ ^, 



Moment of inertia (indicate axis of the 
radius of gjrration, Jc^ by proper sub- 
script). 
Area. 

Wing area, etc. 

Gap. 

Span. 

Chord length. 
Asj)ect ratio. 

Distance from c. g. to elevator hinge. 
Coefficient of viscosity. 



3. AERODYNAMICAL SYMBOLS 

V, True air speed. 

Dynamic (or impact) pressure 



7, Dihedral angle. 
T7 Reynolds Number, where Z is a linear 



L, Lift, absolute coefficient Cl 



-qS 

Dy Drag, absolute coefficient ^o = ^ 

O, Cross - wind force, absolute coefficient 

_C 
' qS 

R, Resultant force. (Note that these coeffi- 
cients are twice as large as the old co- 
efficients Lcj Z?c.) 
Angle of setting of wuigs (relative to thrust 
line). 

it. Angle of stabilizer setting with reference to 
thrust line. 



^ IX ' dimension. 

e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, 0° C: 255,000 
and at 15° C, 230,000; 
or for a model of 10 cm chord 40 m/sec, 
corresponding ]iumbers are 299,000 
and 270,000. 
Cp, Center of pressure coefficient (ratio of 
distance of C. P. from leading edge to 
chord length) . 
fi, Angle of stabilizer setting with reference 

to lower wing, = {it - i^) . 
a. Angle of attack, 
c, Angle of downwash. < 
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FULL-SCALE WIND-TUNNEL TESTS OF A SERIES OF METAL PROPELLERS 

ON A VE-7 AIRPLANE 

By Fred E. Weick 
SUMMARY 

An adjustable blade metal propeller was tested at Jive different angle settings, forming a series 
varying in pitch. The propeller was mounted on a VE-7 airplane in the Twenty-Foot Propeller 
Research Tunnel of the National Advisory Committee for Aeronautics. The efficiencies were 
found to be from 4 to 7 per cent higher than those of standard wood propellers operating under the 
same conditions. The results are given in convenient form for use in selecting propellers for aircraft. 

INTRODUCTION 

It has been known for some time that, in general, thin metal propellers are somewhat more 
efficient than wooden ones. Actual comparative values have not, however, been available. The 
present full-scale tests on a series of metal propellers give, for the first time, data on the aero- 
dynamic characteristics of full-size metal propellers, and make possible a direct comparibon 
between the metal propeUers and a series of wooden propellers tested under the same conditions. 



^Trolling edge 




Sections 
taken 
looking 
from hub 
to tip 



T 

.86" I 
Curve of moximum thickness 

Fig. 1— Metal blade for 9 ft. diameter propeller. Right hand. No. 4412 



A two-bladed adjustable pitch metal propeUer was tested at five different blade settings, 
c-iving in reality a series of propellers varying in pitch. Since each blade as a whole was rotated 
Tn the hub to the desired setting, all of the angles along the blade varied the same amount, so 
that the pitch did not change uniformly. It is, however, common practice to design detachable 
blade metal propellers with a certain distribution of blade angles and then turn the blades 
to any pitch required for a particular airplane, thus facUitating production. _ 

The tests were made on a Vought VE-7 airplane with a 180 HP. Wright E-2 engme, in the 
Twenty-Foot Propeller Eesearch Tunnel of the National Advisory Committee for Aeronautics, 
at Langley Field, Va. METHODS AND APPARATUS 

The propeller blades and hub used in this investigation were furnished by the Navy Depai-t- 
ment The blades were made of aluminum alloy, according to the drawmg in Figure 1. ihe 
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hub to which they were fitted was of steel, and in order to save weight, had been made 1 inch 
shorter than the hub for which the blades had been designed, so that while the drawing shows a 
9-foot propeller, the diameter in these tests was actually 8 feet 11 inches. The pitch distribu- 
tion was unusual and is worthy of note. With the blade set at 13° at the 42-inch radius, the pitch 
from the 36-inch radius to the tip had the approximately uniform value of 5 feet. From the 
36-inch radius toward the hub it gradually reduced so that at the 18-inch radius it was only 4.5 




Fig. 2.— Elevational and plan views of the VE-7 airplane 



feet. The center Hne of the propeller, as mounted on the airplane, was 5 inches from the 
front of the radiator. 

The propeller research tunnel is of the open-jet type with an air stream 20 feet in diameter 
in which velocities up to 110 M. P. H. can be obtained. A complete description of the tunnel, 
balances, and other measuring devices is given in reference 1. 

The VE-7 airplane (fig. 2) had a span of 34 feet, so that when mounted in the air stream 
the wings projected approximately 7 feet into the relatively still air of the experiment chamber. 
Figure 3 shows the airplane mounted in the tunnel. It is considered that a sufficient portion of 



TESTS OF METAL PROPELLERS " 

the wing structure was in the air stream to include all parts which would be influenced by or 

react on the propeller. _ . , . i i i i. c i „ 

The VE-7 as mounted in the tunnel, had inclosed within it a special steel skeleton fuselage 
with a built-in dynamometer, including a Toledo scale, to measure the engine and propeller 

torque directly. (Reference 1.) • , ru * j t?i„;„ 

The revolution speed of the engine was measured by means of a special calibrated Elgin 
chronometric tachometer, and the velocity of the air stream was obtained by means of calibrated 
static plates in the return passages leading to a manometer in the experiment chamber. 

In order to know the pitch of the propellers while in operation, the deflection of one blade 
was measured at the 42-inch radius by means of a telescope mounted on a graduated base 
and sighted on first the leading and then the trailing edge. This was done while the propeller 
was standing still and then was repeated for each test point while the propeller was running. 




Fig. 3.— VE-7 airplane mounted in Propeller Research Tunnel 

The resultant horizontal force of the propeller-body combination which may be either a 
thrust or a drag, was measured on the regular thrust balance. (Also described m reference 1 .) 

TWs resultant horizontal force, B, may be thought of as composed of three horizontal com- 
ponents, such that B = T-V-aD, 

^^^'^ r= the thrust of the propeller while operating in front of the body (the tension in the 

crank shaft). , . i -i. 

I» = the drag of the airplane alone (without propeller) at the same air velocity and 

AP = the!ncrTase in drag of the airplane with propeUer, due to the slip stream. 
In order to obtain the propulsive efficiency, which includes the propeller-body interference, 
an effective thrust is used, which is defined as 

Effective thrust = AD = R + D. 
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TESTS OF METAL PROPELLERS 

The propulsive efficiency, then, is the ratio of the useful power to the input power, or 

eff ective thrust X velocity of advanc e 
Propulsive efficiency = input power 

This orooulsive efficiency includes the increase in drag of all parts of the airplane affected by 
l^ sCsttm Id also'^he effect of the body interference on the propeller thrust and power. 

RESULTS 

The observed data points are plotted in Figures 4 to 8, inclusive. They are reduced to 
the usual coefficients of thrust, power, and propulsive efficiency, 

_ EffectiveThnist 
<^'«'= yn^D" 
^ _ Input power 

— ' 

Effective thrust X velocity of advance ^ 
''^ " Input power 

where D is the propeller diameter and n represents the revolutions per unit time. Since the 
coefficients are dimensionless, any homogeneous system of units may be used. 
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FlQ, 7.-Propeller 4412 (23° at 42') on VE-7 airplane 

The angular deflections of the propeller blades at ^^"-^^^^^^^^^^^^^ 
ured for each test condition, are also Plo ted in Figur^^^^ 4 ^« The b a^^^^^^^^^ 
increase the pitch for all cases excepting the 15 e Uing. ^^^^^^^^^^^ 
ings are evidentiy erroneous, and have been omitted. For ail excepting 
twist in operation is greater for the low pitches an^d the low values of ^- With the highest 
pitch setting there is practically no twist at any 

The curves „f thrust coemcients »g.i„st ^ .re giveu lor .U of the piteh settings in Figure 
0, end si™..r sets o, eurves for the power ^'^^^,:tf:Z^::^'^ ^ ut,".l 

expected from model tests. 
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COMPARISON WITH WOOD PROPELLERS 
111 Figiii-o 12 (lie c.llicicncies of those thin-bladed metal propellers are compared with 
those of a^'serics of three wood proi^ellcrs varying in pitch ratio. The wood propellers were 
of Navy form with uniform pitch, and had pitch ratios of 0.6, 0.7, and 0.8. They were tested 
(Reference 2) on the same VE-7 airplane and under the same conditions as the metal propellei-s. 
Tiie efficiencies are plotted against the coefficient 

where P represents the power absorbed by the propeller. PropeUers operating at the same values 
of C\ are fulfilling the same requirements of power, velocity, and revolutions, and are therefore 
on a fair basis for the comparison of efficiencies. 

Figure 12 shows that the metal propellers are from 4 to 7 per cent more efhcient than the 
wood propellers under the same oi)erating conditions. 

USE OF RESULTS IN DESIGNING PROPELLERS 

The results of these tests may be used to select the best diameter and pitch setting of propel- 
lers of geometrically similar form, to fulfill certain r(M,uir(Mn(Mits on an airplane havmg proportions 
and shape similar to the VE-7. The selection 
can be pei-formed very easily by means of 
Figure 13, in whicli the efficiencies and 

values of for the various pitch settings are 
n JJ 

plotted against the coefficient C^. It is merely 
necessary to (1) calculate the value of Cs for 
the power, revolutions, and forward speed at 
which the propeller is to operate, (2) choose 
the pitch setting for the propeller operating 
at the desired portion of the efliciency curve, 

(3) find the for the above and pitch 



setting 



n 

from 

knowing 



the^ lower curves, and 
» 71, and F, calculate D. 




l''ici. 12.— Coiiiiwrisiiu of cniciciicics ot wuoil ami iiieliil propellers 

art with, J^jj is also fixed, and the pitch setting 



If tlic diameter of the i)ropeller is fi.xcd to si 
can be found directly from the curves of - ^ vs. Cs- 

Example.-A propeller is to be selected for an aii plano similar in form to the VE-7. With 
an engine developing 300 HP. at 1,800 R. P. M., the maximum horizontal speed is expected to be 
150 M. P. H. 



(l)lln engineering units, 



.638XM.P. H. 



HP>^XR. P, 
.638X150 



3.13X20.05 
= 1.52 

The values of HP>^ and R. P. M.^ can be easily obtained from scales provided for the purpose 

^Irit will be assumed that it is desirable to have the propeller operate at its maximum 
efficiency at the high speed of the airplane. Then from the upper or efficiency curves of Figuie 
STZ be seen tlat a setting of 19.5° at 0,75 of the tip radius satisfies this condition (i. e., the 
efficiency curve for the 19.5° setting peaks at Cs = approximately 1.52). 
8332—29 2 
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(3) From llic lowrr curves in Kiginv 13, for 6's= 1.52 and a setting of 19.5°, ^^ = 0.77. 



(4) 



.6 



1.2 



1.0 



.8 



V 
nD 



88XM.P. H. 

^- {Id) 

88X150 
1,800X0.77 
= 9.52 ft. 
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Fig. 13.— Working chart for selecting similar propellers 
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Fig. 14.— Scales for finding IIPVs and R. P. M.2/5 



The propulsive efficiency, which includes the increased drag of the parts of the airplane 
in the slip stream, is .83. 

In case the diameter were fixed from the start at, say, 9 feet, the would be fixed at 

V 88 XM. P. H. 
nD R. P. M.xD, 

88X150 
1,800X9 

-.815, 



TESTS OF METAL PKOPELLEKS 



11 



Then from tlic lower c.rvos of Figure 13, for 6W 1-52 and ^ = 0.815, fcho l,lade angle should 

be set to 18.2° at 0.75 tip radius. : . ,>..,>„finl 

In the application of those results to the selection of a propeller for an au plane it .s o^M.nt al 
that the actual brake horsepower of the engine under flight conditions be used u. the lojnu.la lor 
C\ The power developed by an engine in service is likely to vary widely Ironi the powei devel- 
oped under ideal conditions on a dynamometer. In a series «f l^^^ght-performance ests in 
w hich the powers absorbed by the propellers were calculated on the basis of the present full-scale 
wind-tunnel test data, the computed power averaged about 90 per cent of that credited to the 
engines by the dynamometer tests on similar engines. 

CONCLUSIONS 

1 The efficiencies of this series of metal propellers range from 4 to 7 per cent higher than 
those of standard wood propellers operating under the same conditions (tip speeds up to 800 

feet P«'-^"^"^*'^^|,.^^^j^^ ^j^^ propellers were rather high, reaching 86 per cent for the 

highest pitch setting, and were apparently not adversely affected by the pitch distributions 
obtained bv turning the whole bbide as a unit. , p , r 

3 The results of the tests, as presented, may be conveniently used for the selection of a 
propeller to give a certain performance on airplanes sinular to the VE-7. 
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TABLE I 
METAL PROPELLER ON VE-7 
(Pkop. No. 1412) 
(Blade Angle 11° at 42" r.) 



p 


V 

M. P. H. 


N 

R. P. M 


Q 
lb. ft. 


T 
lb. 


Ct 


Cp 


V 
n D 


1 ^ 


Def. at 
42" Rad., 

degrees 


0. 002337 
. 002337 
. 002335 
. 002335 
. 002330 
. 002325 
. 002323 
. 002323 
. 002320 
. 002317 
. 002317 
. 002317 
. 002317 
. 002317 
. 002317 
. 002317 
! 002317 
. 002317 
. 002315 
. 002315 
. 002315 
. 002320 
. 002320 
. 002320 
. 002323 
. 002320 
. 002320 
. 002325 
. 002325 
. 002330 i 
. 002330 


80. 7 

81. 4 
85. 1 
85. 0 
94. 5 
90. 7 
99. 0 
99. 4 
99. 3 
99. 3 
99. 1 

98. 8 

99. 0 
98. 8 
98. 5 

ao. O 

98. 0 
97. 6 

97. 5 

98. 1 
98. 8 
75. 5 
75. 1 
68. 5 
68. 7 
64. 6 
64. 3 
58. 9 
58. 9 
20. 0 
19. 9 


1820 
1825 
1845 
1855 
1910 
1895 
1940 
1940 
1900 
1835 
1805 
1730 
1695 
1645 
1600 

iOlO 

1505 
1435 
1385 
1325 
1285 
1865 
1870 
1845 
1845 
1815 
1820 
1800 
1800 
1735 
1740 


372 
382 
377 
377 
368 
373 
362 
363 
343 
296 
280 
237 
213 
187 
159 
135 
112 
77 
56 
27 
7 

427 
426 
435 
436 
435 
435 
437 
437 
449 
450 


428 
438 
425 
423 
386 
401 
370 
371 
337 
277 
254 
200 
167 
131 
94 
64 
40 
2 

-26 
-59 
-81 
533 
529 
562 
562 
578 
581 
'604 
604 
839 
837 


0. 0319 
. 0325 
. 0308 
. 0302 
. 0262 
. 0276 
. 0244 
. 0245 
. 0232 
. 0204 
. 0194 
. 0166 
. 0145 
. 0121 
. 0091 
. 0067 
. 0044 
. 0002 
-. 0030 
-. 0084 
-. 0122 
. 0381 
. 0375 
. 0410 
. 0410 
. 0437 
. 0435 
. 0462 
. 0462 
. 0688 
. 0684 


0. 0196 
. 0200 
. 0193 
. 0191 
. 0177 
. 0182 
. 0169 
. 0169 
. 0167 
. 0154 
. 0151 
. 0139 
. 0131 
. 0123 
. 0110 
. 0100 
. 0087 
. 0066 
. 0052 
. 0027 
. 0007 
. 0216 
. 0215 
. 0225 
. 0226 
. 0232 
. 0232 
. 0237 
. 0237 
. 0262 
. 0262 


0. 440 
. 441 
.457 
. 453 
. 491 
. 474 
. 505 
. 507 
. 517 
. 535 
. 543 
. 565 
. 578 
. 595 
. 609 
. 631 
. 645 
. 673 
. 696 
. 733 
. 761 
. 401 
. 397 
. 368 
. 3685 
. 352 
. 350 
. 324 
. 324 
. 1143 
. 1134 


0. 713 
. 716 
. 730 
. 716 
. 727 
. 717 
. 731 
. 734 
. 718 
. 709 
. 696 
. 676 
. 638 
. 591 
. 507 
. 421 
. 325 
. 023 

. 707 
. 692 
. 670 
. 670 
. 663 
. 657 
. 632 
. 632 
. 300 
. 297 


+ 2.4 
2. 2 
2. 6 
1.3 
1. 0 

1. 1 

2. 0 
. 9 

1. 1 
. 4 
. 8 
. 5 
. 7 
. 5 
. 4 
. 5 
. 5 
. 3 
. 0 
. 2 
+ .2 
-. 3 
+ . 8 
1. 1 
1. 0 
1. 4 
1. 4 
1. 5 
1. 5 
1. 1 
. 9 




0. 002370 
. 002370 
. 002370 
. 002365 
. 002360 
. 002360 
. 002360 
. 002355 
. 002355 
. 002355 
. 002355 
. 002355 
. 002355 
. 002350 
. 002350 
. 002350 
. 002350 
. 002350 
. 002350 
. 002350 
. 002350 
. 002350 
. 002350 
. 002360 
. 002360 
. 002360 
. 002360 
. 002360 
. 002360 
. 002360 
. 002360 
. 002360 
. 002360 
. 002370 
. 002370 



82. 1 
82. 1 
86. 3 
95. 6 
95. 5 
99. 2 
99. 1 
98. 9 
98. 8 
98. 6 
98. 1 
98. 4 
98. 1 
98. 4 
98. 3 
98. 3 
98.0 
97. 8 
97. 8 
97. 4 
97. 2 
97.3 
97. 0 
81. 1 
81. 1 
75. 7 
75. 7 
69. 6 
69. 5 
66. 1 
65. 2 
56. 0 
56. 9 
20. 1 
20. 1 



1655 
1655 
1660 
1685 
1680 
1710 
1705 
1635 
1600 
1555 
1505 
1495 
1435 
1465 
1395 
1365 
1325 
1280 
1225 
1145 
1110 
1060 
1 990 
1645 
1660 
I 1640 
, 1645 
I 1605 
I 1605 
I 1605 
I 1595 
1565 
I 1580 
1565 
1565 



TESTS OF METAL PROPELLERS 

TABLE I — Continued 
15° AT 42'' 
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Q 

lb. ft. 



496 
499 
491 
464 
459 
461 
462 
396 
372 
336 
296 
286 
243 
264 
216 
190 
171 
141 
102 
56 
41 
9 

-26 
494 
497 
511 
511 
506 
509 
515 
511 
515 
517 
521 
521 



T 
lb. 



527 
528 
407 
460 
448 
447 
446 
364 
342 
306 
279 
250 
196 
217 
171 
148 
127 
92 
57 
5 

-11 

'36 
-72 
537 
541 
576 
574 
589 
588 
588 
605 
637 
651 
853 
842 



0. 0468 
. 0468 
. 0358 
. 0394 
. 0388 
. 0373 
. 0374 
. 0333 
. 0327 
. 0309 
. 0302 
. 0272 
. 0233 
. 0248 
. 0213 
. 0195 
. 0177 
. 0138 
. 0093 
. 0010 
. 0022 



. 0484 
. 0478 
. 0523 
. 0517 
. 0558 
. 0557 
. 0557 
. 0581 
. 0635 
. 0636 
. 0847 
. 0836 



Cp 



0. 0312 
. 0315 
. 0306 
. 0282 
. 0279 
. 0272 
. 0274 
. 0256 
. 0252 
. 0240 
. 0226 
. 0221 
. 0204 
. 0214 
. 0193 
. 0182 
. 0169 
. 0149 
. 0118 
. 0074 
. 0058 
. 0014 



V 
n D 



. 0316 
. 0311 
. 0328 
. 0326 
. 0339 
. 0341 
. 0345 
. 0348 
. 0363 
. 0358 
. 0368 
. 0368 



0. 492 
. 492 
. 514 
. 562 
. 562 
. 574 
. 575 
. 600 
. 612 
. 628 
. 645 
. 652 
. 677 
. 665 
. 699 
. 712 
. 733 
. 757 
. 791 
. 842 
. 864 
. 910 



Def. at 
42" Rad., 
degrees 



0. 737 
. 734 
. 601 
. 786 
. 788 
. 788 
. 786 
. 780 
. 783 
. 806 
. 862 
. 803 
. 773 
. 770 
. 771 
. 759 
. 766 
. 700 
. 626 
. 1071 



. 488 
. 484 
. 457 
. 456 
. 429 
. 428 
. 408 
. 405 
. 354 
. 356 
. 135 
. 135 



. 748 
. 743 
. 729 
. 723 
. 706 
. 699 
. 659 
. 677 
. 621 
. 633 
. 311 
. 308 



14 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TABLE I— Continued 
19° AT 42" 



0. 002350 
. 002350 
. 002345 
. 002345 
. 002340 
. 002340 
. 002340 
. 002340 
. 002340 
. 002335 
. 002335 
. 002335 
. 002335 
. 002335 
. 002330 
. 002330 
. 002330 
. 002325 
. 002325 
. 002325 
. 002325 
. 002325 
. 002325 
. 002325 
. 002335 
. 002335 
. 002340 
. 002340 
. 002340 
. 002340 
. 002345 
. 002345 
. 002350 
. 002350 



V 

M. P. H. 



82. 0 
82. 2 
87. 0 
86. 9 
95. 5 
95. 4 
99. 7 
99. 3 
99. 5 
99. 2 
99. 3 
99. 1 
98. 4 
98. 9 
98. 5 
98. 7 

97. 9 

98. 5 
98. 4 
97. 9 
97. 8 
97. 8 
97. 8 
97. 1 
74. 5 
74. 7 
70. 2 
70. 5 
62. 9 
62. 7 
52. 7 
54. 2 
19. 5 
19. 2 



N 

R. P. M 



1405 
1405 
1430 
1435 
1465 
1475 
1495 
1495 
1465 
1430 
1400 
1365 
1325 
1295 
1200 
1250 
1120 
1195 
1145 
1040 
1000 
945 
880 
860 
1390 
1395 
1385 
1385 
1375 
1375 
1370 
1375 
1380 
1375 



Q 
lb. ft. 



517 
517 
527 
529 
525 
525 
522 
523 
502 
467 
438 
412 
367 
330 
255 
292 
187 
244 
202 
127 
97 
50 
15 
-4 
527 
532 
537 
537 
547 
547 
547 
549 
547 
542 



T 
lb. 



481 
481 
486 
483 
462 
464 
460 
457 
431 
392 
358 
340 
291 
257 
186 
210 
118 
171 
145 
78 
48 
17 
-17 
-30 
511 
522 
540 
543 
568 
564 
615 
609 
736 
736 



0. 0594 
. 0594 
. 0585 
. 0576 
. 0527 
. 0525 
. 0507 
. 0503 
. 0494 
. 0471 
. 0450 
. 0451 
. 0407 
. 0377 
. 0319 
. 0332 
. 0231 
. 0296 
. 0273 
. 0179 
. 0118 
. 0047 
-. 0054 
-. 0100 
. 0654 
. 0664 
. 0692 
. 0695 
. 0738 
. 0734 
. 0804 
. 0791 
. 0950 
. 0955 



0. 0455 
. 0455 
. 0448 
. 0447 
. 0425 
. 0420 
. 0407 
. 0407 
. 0407 
. 0398 
. 0391 
. 0386 
. 0366 
. 0344 
. 0309 
. 0326 
. 0260 
. 0300 
. 0270 
. 0210 
. 0170 
. 0098 
. 0034 
0014 
. 0477 
. 0476 
. 0488 
. 0488 
. 0504 
. 0504 
. 0507 
. 0502 
. 0502 
. 0498 



V 
n D 



0. 578 
. 579 
. 602 
. 599 
. 645 
. 640 
. 664 
. 658 
. 673 
. 687 
. 702 
. 719 
. 734 
. 754 
. 813 
. 781 
. 864 
. 819 
. 851 

. 931 
. 968 
L 025 

1. 1055 
1. 1235 

. 531 
. 530 
. 502 
. 507 
. 453 
. 452 
. 381 
. 390 
. 1400 
. 1385 



Def. at 
42" Rad., 
degrees 



0. 754 
. 755 
. 786 
. 772 
. 799 
. 799 
. 826 
. 814 
. 815 
. 811 
. 809 
. 841 
. 818 
. 828 
. 838 
. 796 
. 766 
. 810 
. 863 
. 806 
. 671 
. 494 
-1. 636 
-. 800 
. 726 
. 740 
. 717 
. 719 
. 663 
. 658 
. 603 
. 616 
. 266 
. 266 



+ 0. 6 
1. 2 
1. 0 

."5" 

______ 

. 4 
. 5 
. 6 
1. 0 
. 9 
. 3 
. 3 
. 4 
. 4 

0 

. 3 
+.3 
0 
0 

-. 6 
-. 3 
-. 1 
+ . 5 
. 4 
. 5 
. 1 
+.5 
-. 4 
+.6 



. 8 

. 6 



TESTS OF METAL PROPELLERS 
TABLE I — Continued 
23° AT 42" 



p 


V 

M. P. H. 


R. P. M. 


Q 
lb. ft. 


T 
lb. 


Ct 


Cp 


V 
n D 


V 


Def. at 
42'' Rad., 
degrees 


0. 002360 
. 002360 
. 002355 
. 002355 
. 002355 
. 002355 
. 002345 
. 002345 
. 002345 
. 002345 
. 002345 
. 002345 
. 002340 
. 002340 
. 002330 
. 002335 
. 002335 
. 002335 
. 002335 
. 002330 
. 002330 
. 002330 
. 002330 
. 002325 
. 002325 
. 002325 
. 002335 
. 002335 
. 002340 
. 002340 
. 002340 
. 002340 
. 002340 
. 002340 
. 002350 
. 002350 


81. 2 
81. 0 
87. 6 
87. 3 

96. 0 

95. 5 
99. 5 

99. 5 

97. 5 
07. 7 

98. 0 
98. 5 

98. 8 

99. 1 

96. 2 
99. 6 
99. 5 
99. 0 
99. 5 
98. 3 

98. 8 

100. 0 
100. 0 

99. 5 
100. 5 

98. 3 
75. 0 
74. 6 
69. 1 
69. 4 

64. 5 

65. 1 
61. 6 
60. 5 
18. 5 
17. 7 


1230 
1230 
1235 
1250 
1275 
1275 
1290 
1295 


546 
547 

539 
544 
542 
542 
539 
541 


452 
453 
436 
436 
419 
418 
413 
412 
-21 
-14 
+ 27 
54 
64 
112 
101 
151 
131 
181 
282 
249 
201 
305 
344 
374 
413 
85 
462 
463 
475 
478 
498 
499 
512 
513 
547 
548 


0. 0732 
. 0733 
. 0704 
. 0685 
. 0635 
. 0630 
. 0611 
. 0605 


0. 0625 
. 0625 
. 0616 
. 0604 
. 0577 
. 0577 
. 0562 
. 0562 


0. 653 
. 652 
. 701 
. 690 
. 745 
.741 
. 763 ' 
. 761 


0. 763 
. 763 
. 801 
. 783 
. 820 
. 810 
. 831 
. 820 


+ 0. 8 
. 5 
. 6 
. 6 
. 0 
. 2 
. 4 
+.2 
-. 2 
-. 2 
+ .3 
. 5 
+.3 
-. 3 
+ .4 
. 0 
. 2 
. 5 
. 0 
. 6 
-. 2 
+ .3 
. 2 
— . 7 
-. 3 
. 0 
2 

+.4 
. 5 
. 5 
. 8 
.8 
. 4 
. 8 
. 3 
. 5 


750 
825 
875 
890 
975 
935 
1025 
995 
1055 
1170 
1135 
1090 
1195 
1235 
1265 
1290 
925 
1215 
1 1215 
' 1210 
1210 
1205 
1205 
1200 
1205 
1180 
1185 


7 
68 
107 
123 
192 
175 
238 
213 
277 
397 
367 
307 
422 
467 
502 
532 
147 
537 
537 
537 
536 
537 
537 
537 
539 
537 
538 


-. 0063 
. 0098 
. 0173 
. 0201 
. 0290 
. 0283 
. 0355 
. 0327 
. 0402 
. 0509 
. 0476 
. 0421 
. 0528 
. 0561 
. 0580 
. 0618 
. 0248 
. 0777 

1 . 0778 
. 0801 

i . 0805 

' . 0846 
. 0858 

i . 0875 
. 0870 
. 0968 
. 0962 


. 0022 
. 0173 
. 0244 
. 0271 
. 0350 
. 0348 
. 0407 
. 0375 
. 0436 
. 0509 
. 0500 
. 0452 
. 0519 
. 053S 
. 0550 

1 . 0562 
. 0302 
. 0638 
.¥)638 
. 0642 
. 0642 
. 0645 
. 0645 
. 0648 
. 0648 

1 . 0670 
. 0666 


1. 290 
1. 175 
1. 115 
1. 105 
1. 005 
1. 025 
. 963 
. 990 
. 930 
. 843 
. 866 
. 898 
. 830 
. 801 

. 1 oU 

. 771 
1. 050 

. 612 
1 . 615 

. 565 
1 . 568 
; . 530 

. 534 

. 508 

. 498 
\ . 155 

. 148 


378 
. 664 
. 794 
. 816 
. 834 
. 834 
. 840 
. 864 
. 858 
. 843 
. 824 
. 836 
. 846 
. 836 

823 
; 849 
. 862 
. 745 
. 750 
. 707 
. 713 
. 695 
. 711 
. 686 
. 668 
. 224 
. 214 



16 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
TABLE I— Continued 
27° AT 42" 



p 


V 

M. P. H. 


N 

R. P. M. 


Q 
lb. ft. 


T 
lb. 




ftl 9 


1 07 fi 


oo7 


388 




oU. V 


1 Q7K 


534 


386 


. \J\) 


QA 1 


1 HQ K 


537 


380 




OD. 1 


1 0Qn 
iUyU 


537 


379 


009*^90 


Qt^ 1 

yo. i 


1 1 1 K 


538 


361 




Of\ A 
yO. 4b 


1 1 9n 


538 


361 




QQ Pi 


1 1 QO 


539 


356 




yy. o 


1 1 QCi 


539 


357 


002/51 T 


QQ 1 

yy. 1 


1 1 

1 lUO 


olo 


337 


009*? 1 K 

. kJU^O 1 0 


QQ Q 

yy. o 


lUOO 


457 


289 


009*^1 n 


QQ n 
yy. u 




412 


251 


002*^0^ 


QQ 

yy. o 


iUUU 




231 


002*^0^ 


Qft 7 

yo. / 


you 


OOO 

666 


195 


002*^0^ 


QS R 

yo. D 


Q9n 
yzu 


289 


164 


009*^0^^ 


QQ Q 

yo. o 


oOO 


zlo 


118 


009*^0^^ 


Qft 1 

yo. 1 


oZU 


179 


91 


. 002305 


97. 9 


780 


137 


60 


. 002305 


97. 3 


730 


97 


39 


. 002305 


97. 8 


680 


39 


7 


. 002305 


97. 8 


630 


-8 


-20 


. 002305 


98. 3 


885 


247 


138 


. 002315 


75. 0 


1075 


541 


408 


. 002315 


74. 5 


1075 


537 


408 


. 002317 


67. 8 


1075 


537 


418 


. 002317 


67. 8 


1075 


535 


420 


. 002317 


64. 5 


1070 


536 


424 


. 002317 1 


64. 2 


1065 


536 


425 


. 002317 1 


54. 1 


1080 


542 


438 


. 002317 


55. 0 


1080 


542 


435 


. 002325 


14. 2 


1010 


535 


402 


. 002325 


14. 2 


1010 


538 


402 



0. 0832 
. 0829 
. 0800 
. 0792 
. 0721 
. 0714 
. 0694 
. 0695 
. 0688 
. 0634 
. 0606 
. 0577 
. 0528 
. 0484 
. 0403 
. 0340 
. 0246 
. 0183 
. 0038 
-. 0126 
. 0440 
. 0881 
. 0881 
. 0900 
. 0904 
. 0920 
. 0934 
. 0936 
. 0929 
. 0975 
. 0951 



0. 0817 
. 0813 
. 0801 
. 0793 
. 0762 
. 0754 
. 0745 
. 0745 
. 0743 
. 0711 
. 0700 
. 0676 
. 0640 
. 0603 
. 0520 
. 0472 
. 0398 
. 0322 
. 0150 
-. 0036 
. 0560 
. 0828 
. 0817 
. 0817 
. 0816 
. 0828 
. 0830 
. 0817 
. 0817 
. 0921 
. 0907 



V 
n D 



0. 748 
. 744 
. 785 
. 781 
. 843 
. 842 
. 871 
. 871 
. 888 
. 922 
. 960 
. 982 

1. 017 
1. 060 
1. 138 
1. 184 
1. 244 
1. 321 
1. 424 
1. 537 
1. 100 

. 691 
. 686 
. 623 
. 623 
. 595 
. 595 
. 495 
. 504 
. 139 
. 138 





Def. at 
42" liad., 
degrees 


0. 762 


+ 0. 1 


. 758 


+. 1 


. 783 


— . 1 


j . 780 


+. 1 


1 . 798 


. 3 


1 . 797 


. 2 


1 . 810 


+ . 1 


. 812 


-. 1 


1 . 821 


+ . 1 


1 . 822 


. 1 


. 831 


1. 6 


. 837 


. 6 


. 839 


+.4 


. 851 


— . 1 


. 884 


-. 2 


. 853 


— . 2 


. 769 


+. 2 




o 

— . z 


j . 359 


+. 1 




-. 1 


: . 864 


+ .2 


1 . 736 


. 1 


. 741 


+ .2 


. 687 


-. 1 


. 691 i 


-f. 2 


. 660 i 


+.2 


. 670 1 


1 


. 667 i 


+.2 


. 574 1 


. 1 


. 147 I 


. 1 


. 144 j 


. 1 



TESTS OF METAL PROPELLERS 
TABLE II 
FINAL ADJUSTED COEFFICIENTS 
(Prop. No. 4412) 
(Blade Angle 11° at 42'' r.) 



1 

nD 


Ct 


Cp 


V 


Cs 




0. 15 
. 20 
. 25 
. 30 
. 35 
. 40 
. 45 
. 50 
. 55 
. 60 1 
. 65 1 


1 

0. 0652 ' 
. 0601 1 
. 0549 
. 0492 
.0434 
. 0373 
. 0312 
. 0250 
. 0186 
. 0116 
.0041 


0. 0263 
. 0260 
. 0254 1 
. 0243 ' 
. 0230 

. 0214 ; 

. 0194 
. 0172 I 
. 0147 
. 0118 
. 0097 j 


0. 372 
. 462 
. 540 
. 607 
. 660 
. 698 
. 724 
. 726 
. 688 
. 590 
. 275 


0. 309 
. 416 
. 521 
. 631 

, / 

. 864 
. 990 

1. 125 

1. 279 • 
1. 458 
1. 644 




TABLE II— Continued 








15° AT 42" 




nD 


Ct 




V 


Cs ■ 


0. 15 
. 20 
25 
*. 30 
. 35 
. 40 
.45 
.50 
. 55 
. 60 
. 65 
. 70 
. 75 
. 80 


0. 0831 
. 0788 
. 0740 
. 0690 
. 0635 
. 0580 
. 0521 
. 0461 
. 0400 
. 0338 
. 0275 
. 0212 
. 0149 
. 0081 


0. 0371 
. 0379 
. 0380 
. 0373 
. 0364 
. 0348 
. 0330 
. 0310 
. 0287 
. 0260 
. 0226 
. 0190 
. 0154 
. 0112 


0. 336 
. 416 
.487 
. 555 
. 611 
. 667 
. 711 
. 745 
. 766 
. 780 
. 790 
. 781 
. 725 
. 578 


u. ^vu 
. 385 
. 482 
. 580 
. 679 
. 783 
. 891 

1. 118 
1. 248 
1. 388 
1. 546 
1. 726 
1. 96 




TABLE II— Continued 








19° AT 42" 




V 
nD 


Ct 


Cp 




Cs 


0. 15 
. 20 
. 25 
.30 
. 35 
. 40 
. 45 
. 50 
. 55 
. 60 
.65 
.70 
. 75 
. 80 
. 85 
. 90 
. 95 

1. 00 


0. 0948 
. 0922 
. 0896 
.0861 
. 0826 
. 0785 
. 0741 
. 0691 
. 0639 
. 0581 
. 0520 
. 0455 
. 0389 
. 0322 
. 0259 
. 0194 
. 0131 
. 0070 


0. 0503 
. 0508 
. 0510 
, 0510 
. 0510 
i . 0508 
. 0501 
. 0489 
. 0469 
. 0445 
. 0419 
' . 0388 
1 . 0352 
1 . 0313 
. 0271 
. 0230 
. 0186 
. 0136 

1 


0. 283 
. 363 
. 440 
. 506 
. 568 
. 619 
. 666 
. 708 
. 750 
. 785 
. 807 
. 820 
. 829 
. 823 
. 812 
. 759 
. 669 
. 515 


0. 269 
. 364 
. 454 
. 544 
. 635 
. 727 
. 819 
. 914 

1. 012 
L 118 
1. 227 
1. 340 
1. 465 
1. 600 
1. 750 

1. 912 

2. 11 
2. 36 



KEPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TABLE II— Continued 
23° AT 42" 



V_ 
nD 



0. 15 
. 20 
. 25 
. 30 
. 35 
. 40 
. 45 
. 50 
. 55 
. 60 
. 65 
. 70 
. 75 
. 80 
. 85 
. 90 
. 95 

1. 00 
1. 05 
1. 10 
1. 15 
1. 20 
1. 25 
1. 30 
1. 35 
1. 40 



y 

nD 


C T 


1 

Cp 


0. 15 


0. 0969 


0. 0669 


. 20 


. 0963 


. 0666 


.25 


. 0959 


. 0663 


. 30 


. 0950 


. 0660 


. 35 


. 0940 


. 0658 


. 40 


. 0926 


. 0G54 


. 45 


. 0905 


. 0650 


. 50 


. 0876 


. 0649 


. 55 


. 0832 


. 0645 


. DU 


. U7o7 


. 0639 


. 65 


. 0736 


. 0626 


. 70 


. 0682 


. 0603 


. 75 


. 0623 


. 0573 


. 80 


. 0565 


. 0540 


. 85 


. 0502 


. 0502 


. 90 


. 0440 


. 0461 


. 95 


. 0372 


. 0418 


1. 00 


. 0310 


. 0360 


1. 05 


. 0249 . 


. 0319 


1. 10 


. 0186 ' 


. 0264 


1. 15 


. 0122 i 


. 0209 j 


1. 20 


. 0060 


. 0152 



0. 218 
. 289 
. 361 
. 432 
. 500 
. 567 
. 626 
. 675 
. 710 
.740 
. 765 
. 792 
. 815 
. 838 
. 850 
. 857 
. 845 
. 840 
. 819 
. 776 
. 671 
. 474 



TABLE II— Continued 
27° AT 42" 



0. 0962 
. 0956 
. 0950 
. 0944 
. 0940 
. 0934 
. 0932 
. 0930 
. 0930 
. 0925 
. 0900 
. 868 
. 826 
. 776 
. 721 
. 666 
. 610 
. 552 
. 497 
. 439 
. 380 
. 319 
. 258 
. 196 
. 132 
. 0068 



0. 0911 
. 0890 
. 0869 
. 0850 
. 0834 
. 0821 
. 0814 
. 0812 
. 0817 
. 0821 
. 0823 
. 0820 
. 0819 
. 0789 
. 0761 
. 0729 
. 0694 
. 0655 
. 0611 
. 0560 
. 0507 
. 0450 
. 0393 
. 0334 
. 0271 
. 0202 



0. 257 
. 344 
. 431 
. 516 
. 603 
. 690 
. 779 
. 864 
. 952 

1. 040 
1. 131 
1. 236 
1. 329 
1. 434 
1. 545 
1. 665 
1. 790 

1. 936 

2. 09 
2. 27 
2. 49 
2. 76 



1 77 

1 


Cs 


0. 158 


0. 240 


. 215 


. 324 


. 274 


. 409 


1 . 333 


491 


1 . 394 


. 576 


. 455 


. 660 


. 516 


. 744 


. 572 


. 826 


. 626 


. 908 


; . 675 


. 988 


. 711 


1. 072 


' . 741 


1. 154 


. 758 


1. 237 


. 788 


1. 330 


. 805 


1. 425 


. 823 
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V 



Positive directions of axes and angles (forces and moments) are shown by arrows 



Axis 


Force 
(parallel 
to axis) 
symbol 


Moment about axis 


Angle 


Veloci 


ties 


Designation 


Sym- 
bol 


Designa- 
tion 


Sym- 
bol 


Positive 
direction 


Designa- 
tion 


Sym- 
bol 


Linear 
(compo- 
nent along 
axis) 


Angular 


Longitudinal — 
Lateral 


X 
Y 
Z 


X 
Y 
Z 




L 
M 
N 


Y >Z 


roll 


e 


u 

V 

w 


V 
Q. 
r 


rolling- _ 

pitching 

yawing 


Z >X 

X >Y 


pitch_ 
yaw 


Normal 







Absolute coeflOLcients of moment 
L 



'gbS 



N 



Pa, 



Diameter. 
Effective pitch 
Mean geometric pitch. 
Standard pitch. 
Zero thrust. 
Zero torque. 
pjDj Pitch ratio. 
F', Inflow velocity. 
Vsj Slip stream velocity. 



Angle of set of control surface (relative to neu- 
tral position) , 8. (Indicate surface by proper 
subscript.) 

PROPELLER SYMBOLS 

Thrust. 
Oj Torque. 
P, Power. 

(If ''coefficients'' are introduced all 
imits used must be consistent.) 
rj, Efficiency=r7/P. 
n, Revolutions per sec, r. p. s. 
Nj Revolutions per minute., R. P. M. 

<E>, Effective helLx angle = tan"^ (^2:^) 



1 HP = 76.04 kg/m/sec. =550 Ib./ft./sec. 
1 kg/m/sec. -0.01315 HPc 
1 ini./hr. = 0.44704 m/sec. 
1 m/sec.= 2.23693 mi./hr. 



5. NUMERICAL RELATIONS 

1 lb. =0.4535924277 kg. 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
1 m = 3.2808333 ft. 



